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A dilution series of water extracts made from 13 gelling
agents commonly used in tissue culture was screened
for root-stimulating activity using the mungbean bioas-
say. The gelling agents were grouped according to their
rooting response as good (30 roots or more per cutting),
intermediate (20–30 roots per cutting) or poor (less than
20 roots per cutting). The best rooting response, com-
parable to rooting with exogenously applied IBA at
10–3M, was detected in extracts from Agar
Bacteriological, Difco Bacto Agar, Difco BiTekTM Agar
and Malt Extract Agar. Malt Extract Broth and Mueller-
Hinton Agar extracts inhibited rooting when applied at
high dilutions (100% and/or 50%). Extraction of Gelrite
with water was problematic and a poor rooting
response was observed. Four gelling agents (Difco
Bacto Agar, Agar Commercial Gel, Agar Bacteriological
and Gelrite) were further investigated. Compounds
which co-chromatographed with authentic IAA after
HPLC separation were detected in all four of these
gelling agents.
Tissue culture media are usually solidified with a gelling
agent such as agar or Gelrite, to support explants. Results
using other supports such as filter paper, cotton wool, poly-
ester fleece, glass beads, silica gels, gelatin, acylamide
gels, starch co-polymers and alginate indicated that they
cannot adequately replace agar (Mbanaso and Roscoe
1982). Agar is widely used due to its excellent properties of
stability and resistance to metabolism during use. However,
there are indications that agar products may contain com-
pounds that affect differentiation and development of cul-
tured tissues (Anagnostakis 1974) and may therefore not be
as biologically inert as is sometimes inferred. Some gelling
agents contain additives such as salts and peptones, which
could stimulate root and shoot growth.
There is evidence that the types and concentrations of
gelling agents used do affect the growth of tissue cultures in
various ways. For example, somatic embryogenesis of
cucumber (Cucumis sativis L. cv. Clinton) (Ladyman and
Girard 1992) and rooting of sweetgum (Liquidamber styraci-
flua L.) shoot tip cultures (Lee et al. 1986) was improved on
a liquid medium compared to an agar medium. In Sitka
spruce there was enhanced organogenesis and elongation of
shoots when grown on relatively soft gels compared to more
rigid gels (Selby et al. 1989). The softer gels enabled the cul-
tures to have better contact with the medium resulting in
improved uptake of water, growth regulators and nutrients
from the culture medium. When radio-labelled benzyladenine
(14C-BA) was incorporated into the gelling medium, uptake of
the cytokinin by the explant was affected by the rigidity of the
gel, irrespective of whether the gelling agent was of agar or
non-agar origin (Debergh 1983, Bornman and Volgelman
1984). The development of adventitious shoots of Picea
abies (L.) Karst. were also affected by agar concentration
where increasing agar concentration from 0.5–2.0%
decreased hyperhydricity but reduced shoot growth and root-
ing potential (Von Arnold and Eriksson 1984).
The major criteria for selecting the brand and concentra-
tion of agar are availability and price. Often the use of agar
as a solidifying agent in tissue culture medium is taken for
granted. There is limited research on the effect of gelling
agents routinely used in micropropagation on growth and
development of plants. In one recent study, Ichimura and
Oda (1998) found that water extracts of agar stimulated root
growth of vegetables such as Japanese radish, tomatoes,
spinach and Welsh onion and confirmed that several root-
stimulating substances are present in agar. Although these
substances were not identified, they were found to be of a
low molecular weight and highly hydrophilic.
Thus, the aim of this study was to investigate whether
aqueous extracts of gelling agents (both agars and Gelrite)
routinely used in tissue culture stimulate rooting of mung-
bean cuttings. The mungbean rooting bioassay is very suit-
able for detecting physiological activity of root-stimulating
substances and provides a considerable degree of replica-
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tion of statistically satisfactory results (Wiesman and Riov
1994, Pan and Gui 1997, Pan and Tian 1999).
Material and Methods
Twelve seaweed-derived brands of agar and the bacteria-
derived Gelrite were investigated in this study (Table 1).
They were chosen as they are routinely used in tissue cul-
ture procedures. Table 2 shows the available information list-
ed on the container of each gelling agent and notes about
the extraction procedure.
Extraction of gelling agents
Twenty grams of each gelling agent were dissolved in 500ml
distilled water and stirred for 1h at room temperature (23 ±
2°C). The extract was then filtered through Whatman No. 1
filter paper and the residue further extracted with 200ml dis-
tilled water for 1h and then filtered. The two extracts were
combined and glass filtered through a 0.45µm Millipore filter
and the pH recorded. The filtrate was dried in vacuo at 45°C
using a rotary evaporator.
Mungbean bioassay
The mungbean bioassay was performed according to
Crouch and Van Staden (1993). Mungbeans (Vigna mungo
L.) seeds were surfaced sterilised in 3.5% sodium
hypochlorite for 20min, rinsed and soaked in running tap
water. They were then planted in moist vermiculite and
allowed to germinate in a growth cabinet at 25°C with a 16h
light and 8h dark cycle and a light intensity of 160µmol m–2 s–1.
After 10 days, 12cm uniform hypocotyl cuttings with two pri-
mary leaves were taken from the seedlings and used in the
bioassay.
Each dried gelling agent extract was resuspended in
200ml distilled water from which nine dilutions were pre-
pared using distilled water — 100%, 50%, 20%, 10%, 5%,
2%, 1%, 0.5% and 0.25%. Indole-3-Butyric Acid (IBA) was
used as a standard and applied at 10–7–10–3M. Distilled
water served as the control. 20ml of each dilution were
placed in a test tube. There were four replicate test tubes for
each dilution with five cuttings in each tube. The mungbean
cuttings were treated for 6h at 25°C at a light intensity of
160µmol m–2 s–1. After the 6h treatment, the bases of the cut-
tings were rinsed under tap water to remove any residual
solution and then transferred to a set of clean test tubes con-
taining 20ml tap water. The cuttings were left for 10 days at
25°C under a 16h light and 8h dark cycle and a light intensi-
ty of 160µmol m–2 s–1. Tap water was added when neces-
sary. The number of roots on each cutting was counted after
10 days. The means and standard errors for each treatment
Table 1: Manufacturing details of the gelling agents used in this study
Agar type Batch number Manufacturer Country
Agar-Agar Powder Batch No. 9465826 Associated Chemical Enterprise Republic of South Africa
Agar Bacteriological No. 1 Lot D 7039-9-2 Oxoid Ltd Basingstoke, Hampshire, England
Agar Bacteriological Batch No.1016116 Biolab Diagnostic (PTY) Ltd Fedsure, Midrand, Republic of South Africa
Agar Commercial Gel Lot 87125 Biolab Diagnostic (PTY) Ltd Fedlife, Midrand, Republic of South Africa
Agar Technical No. 3 Lot 35313145 Oxoid Ltd Basingstoke, Hampshire, England
Difco Bacto Agar Batch No. 0140-01 Difco Laboratories Detroit, Michigan, USA
Difco BitekTM Agar Batch No. 0140-01 Difco Laboratories Detroit, Michigan, USA
Gelrite BK/CC Reg No: CC86/11094/23 Labretoria, Waterkloof Pretoria, Republic of South Africa
Malt Extract Agar Lot 40 Biolab Diagnostic (PTY) Ltd Fedsure, Midrand, Republic of South Africa
Malt Extract Broth Lot/ CH-B= No. 15556308 Unipath Ltd Basingstoke, Hampshire, England
Mueller-Hinton Agar Batch No. 10007760 Biolab Diagnostic (PTY) Ltd Fedsure, Midrand, Republic of South Africa
Nutrient Agar Lot No. 24538389 Oxoid Ltd Basingstoke, Hants, England
Nutrient Broth Batch No. 34332304 Oxoid Ltd Basingstoke, Hants, England
Table 2: Details of the gelling agents screened for root-stimulating activity
Agar Details on container label
Agar-Agar Powder No information on label
Agar Bacteriological No. 1 Low salt level
Agar Bacteriological Special grade of agar purified for general microbiological use
Agar Commercial Gel Widely used in tissue culture
Agar Technical No. 3 Widely used in tissue culture
Difco Bacto Agar Purified agar, with low levels of extraneous matter
Difco BitekTM Agar No information on label
Gelrite Highly purified, widely used in tissue culture
Malt Extract Agar Soypeptone present
Malt Extract Broth Contains salt
Mueller-Hinton Agar Meat infusion and casein hydrolysate present
Nutrient Agar May contain 10% blood and other biological fluid
Nutrient Broth May contain blood serum and sugar
and dilution were determined using MinitabTM Statistical
Software, (Release 13.1 (2000), Minitab Inc., PA, USA).
Isolation of IAA-like compounds and quantification by
HPLC
All procedures were carried out in dim light. Methanol (80%)
extracts of four gelling agents (Agar Bacteriological, Difco
Bacto Agar, Agar Commercial Gel and Gelrite) were made
following the same procedure as described above. The
dried extracts were dissolved in 5ml, 80% methanol con-
taining (1-14C) IAA as an internal standard (50 000dpm sam-
ple–1, Amersham International, United Kingdom). These
extracts were purified by Sep-Pak C18 and Oasis MCX
columns according to the method described by Dobrev and
Kaminek (2002). The methanol fractions that contained IAA
were collected and dried under nitrogen.
Each extract was methylated by adding 100µl methanol and
2ml ethereal diazomethane prepared according to Fales et al.
(1973). The extracts were partitioned against ethyl acetate
until this phase was colourless. The ethyl acetate fractions
were combined and passed through a Nucleosil strata (NH2)
column (Phenomenex®, USA) and dried under nitrogen.
Quantification of IAA was carried out by HPLC using a
semi-preparative 5µm C18 column (250mm x 10mm i.d.,
Hypersil 5ODS) eluted over 55min with a linear gradient of
20–80% methanol in water at a flow rate of 2ml min–1.
Compounds of interest were detected at 260nm using a
Spectra System® UV6000LP detector (Thermo Separations
Products Inc., USA) and quantified after calibration with an
authentic IAA methyl ester standard. For estimation of loss-
es incurred during extraction, fractions were collected at
1min intervals, mixed with 4ml Beckman Ready Value Liquid
Scintillation Cocktail and radioactivity measured using a
Beckman LS 6000LL Scintillation Counter.
Results
After analysing the results, the gelling agents were divided
into three categories based on their rooting response. The
categories were (1) Good rooting, where more than 30 roots
per cutting was recorded at the best extract dilution. This was
comparable to rooting with the 10–3M IBA standard; (2)
Intermediate rooting, where there were 20–30 roots per cut-
ting. This was comparable to rooting obtained with 10–5–10–4M
IBA; and (3) Poor rooting, where below 20 roots per cutting
was recorded. This was comparable to rooting in the water
control and the lower concentrations of IBA standards
(10–6–10–7M). The results are graphically presented in Figures
1–3. The rooting of the IBA standards are shown in Figure 1e.
The Malt Extract Agar gave the best rooting response of
all the gelling agents tested (Figure 1d). A similar trend was
observed in most of the gelling agents with good and inter-
mediate rooting (Figures 1–2) where the highest concentrat-
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Figure 1: Extracts of (a) Agar Bacteriological, (b) Difco Bacto Agar, (c) Difco BiTekTM Agar, (d) Malt Extract Agar and (e) IBA eliciting a good
rooting response in mungbean cuttings. Different letters indicate significant differences (P = 0.05) within each gelling agent
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ed extract (100% — no dilution) elicited the highest rooting
response. The exception was the extract made from
Mueller-Hinton Agar (Figure 2d) where the optimum rooting
comparable to 10–4–10–5M IBA, was achieved at a 2–10%
extract dilution. With undiluted Mueller-Hinton Agar extract
(100%), there was complete inhibition of rooting of mung-
bean cuttings. A similar inhibitory effect was observed at
50–100% extracts of Malt Extract Broth (Figure 3e). Gelrite,
which gave poor rooting, was the only gelling agent where
extraction was problematic.
Levels of IAA-like compounds that co-chromatographed
with authentic IAA when separated by HPLC, for the four
gelling agent extracts are shown in Table 3. The Agar
Commercial Gel extract contained the highest level and the
Gelrite extract, the lowest level of IAA-like compounds.
Discussion
The results from the current investigation support the find-
ings of Ichimura and Oda (1998) that partially water soluble
root-stimulating substances are present in some gelling
agents. Their degree of activity differs. The highest rooting
response with the mungbean cuttings was obtained with the
Malt Extract Agar (Figure 1d). This agar contains a peptone
additive (Table 2) that can stimulate root growth. Peptones
are water soluble protein derivatives that are not coagulated
by heat and do not precipitate on saturation of the solutions
with ammonium sulphate. Peptones may provide nitrogen
and/or amino acids including tryptophan (Eddleman 1999).
These peptone additives in the Malt Extract Agar extract
could be the sole root stimulating substance or may be act-
ing synergistically with auxin-like compounds present in the
extract to give the high rooting response. However, Agar
Bacteriological, Difco Bacto Agar, Difco BiTekTM Agar and
Agar Commercial Gel that have no additives, also elicited a
good rooting response in the mungbean cuttings. This root-
ing can be attributed to the presence of auxin-like com-
pounds in the agar extracts (Figure 1). In some instances
(Mueller-Hinton Agar and Malt Extract Broth), no dilution
inhibited rooting whereas at greater dilutions, rooting was
stimulated. This suggests that the root inducing principle in
these extracts were supra-optimal at the higher levels,
hence the inhibition of rooting.
Agars are made from seaweeds such as Gelidium,
Gracilaria and Pterocladia species (Nelson et al. 1983).
Using bioassays, several auxin or auxin-like compounds
have been detected in marine algae. For example, Mowat
(1964a, 1964b) reported the presence of IAA and indole-3-
glycolic acid in unicellular algae and seaweed, based on
paper chromatography. Kingman and Moore (1982) detect-
ed IAA in an extract of Ascophyllum nodosum using Gas
Liquid Chromatography (GLC) techniques. This was con-
Figure 2: Extracts of (a) Agar-Agar powder, (b) Agar Bacteriological No. 1, (c) Agar Commercial Gel and (d) Mueller-Hinton Agar eliciting an
intermediate rooting response in mungbean cuttings. Different letters indicate significant differences (P = 0.05) within each gelling agent. IBA
was used as a standard (Figure 1e)
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firmed by Sanderson et al. (1987) using GC-MS. The pres-
ence of IAA, indole-3-carboxylic acid, N, N-dimethyltrypta-
mine, indole-3-aldehyde (IAld), iso-indole1,3-dione (N-
hydroxyethylphthalimide) were detected in Ecklonia maxima
(Osbeck) Papenfuss and confirmed by HPLC and GC-MS
(Crouch et al. 1992). IAA has been detected by GC-MS in
Sargassum heterophyllum (Jacobs et al. 1985). In Prionitis
lanceolata, 3-(hydroxyacetyl) indole was detected using
NMR (Bernart and Gerwick 1990). Recently, IAA and seven
other indole amino acids and other indole conjugates were
found in two liquid seaweed concentrates made from
Ecklonia maxima and Macrocystis pyrifera (Stirk et al. 2004).
Application of seaweed concentrates improved rooting in
numerous crops (Crouch and Van Staden 1994).
Bacteria also produce auxins (Wichner and Libbert 1968a,
1968b, Libbert and Silhengst 1970). IAA, IAld and indole-3-
lactic acid have been detected in Pseudomonas fluorescens
and P. syringae pv glycinea (Åström et al. 1993, Fett et al.
1987). A wide variety of soil microorganisms are capable of
producing physiological active auxin that may have a pro-
nounced effect on plant growth and development. Microbes
isolated from the rhizosphere of various crops appear to
have great potential to synthesise and release auxins
because of the rich supply found in the substrate (Brown
1972, Barea et al. 1976, Strzelczyk and Pokojska-Burdzie
1984). Barea et al. (1976) found that 86% of the bacteria iso-
lated from the rhizosphere of various plants produced aux-
ins in addition to other plant growth regulators. Numerous
pathogens are also producers of auxins and are known to
cause hyperauxiny in infected plants (Mahadevan 1984).
Production of auxins by microbial isolates varies greatly
among species and strains of the same organisms. This is
influenced by culture conditions, growth stage and availabil-
ity of the substrate (Frankenberger and Arshad 1995). In
vitro studies have demonstrated that some microbial cul-
tures can produce small amounts of IAA in the absence of a
known precursor. Under natural conditions it is possible that
IAA is synthesised in greater quantities than in pure culture
(Dvornikova et al. 1968).
Table 3: IAA-like activity detected in four gelling agent compounds
quantified using internal and authentic extracts after purification and
HPLC separation
Gelling Agent IAA-equivalents Retention time
(nmol g–1) (min)
Agar Bacteriological 0.40 42.4
Difco Bacto Agar 1.01 42.4
Agar Commercial Gel 1.29 43.6
Gelrite 0.25 43.2
Authentic IAA – 43.2
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Figure 3: Extracts of (a) Agar Technical No. 3, (b) Gelrite, (c) Nutrient Agar, (d) Nutrient Broth and (e) Malt Extract Broth eliciting a poor root-
ing response in mungbean cuttings. Different letters indicate significant differences (P = 0.05) within each gelling agent. IBA was used as a
standard (Figure 1e)
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Gelrite is derived from Pseudomonas species (Moorhouse
et al. 1981). The Gelrite extract used in the present study
elicited a poor rooting response in the mungbean cuttings
(Figure 3b). This suggests that there were low concentra-
tions of root-stimulating substances and/or root inhibitory
substances that suppressed root initiation were present in
the extract.
It is well established that both endogenous and synthetic
auxins stimulate rooting (Jackson and Harney 1970,
Hartmann and Kester 1975). In the current study, IAA-like
compounds that co-chromatographed with authentic IAA
when extracts were separated by HPLC, were detected in
four of the gelling agents investigated (Table 3). The highest
level of IAA-like activity was measured in the Agar
Commercial Gel extract which yielded an intermediate root-
ing response with the mungbean cuttings (Figure 2c).
Gelrite, which gave a poor rooting response (Figure 3b) con-
tained the lowest IAA-like levels.
This study showed that numerous gelling agents contain
water-soluble root-stimulating substances which could
potentially affect the growth and development of plants
growing in tissue culture systems. IAA-like substances were
detected which co-chromatographed with authentic IAA
when separated by HPLC.
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